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(54) Composition and process for plating silver onto a metallic subsb^e 



(57) The present Invention provides a composition 
useful In plating sliver onto a metallic substrate, v/hlch 
composition conftprises; a) a soluble source of sliver 
Irons; b) an acid; and c) an oxidant conprlsing a nitro 
aromatic compound. 



The present invention also provides a process for plat- 
ing silver onto a suitace from the composition of the In- 
vention. 
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Description 

pool] This invention reiates generally to a method of 
treating a surface which treatment enhances the soi- 
derabiiity of the surface. The metliod is partlcuiariy usa- 
M in tiie fabrication and assembly of printed circuit 
boards. 

[CtOQ2] Soidsring is generally used for n-ia!<ing rtis- 
oiianical, eiectromechanlcai, or electronic connections 
to a variety of arfeles. The di-stinotion betiveen expected 
functions of Eise joints is irrsportant because each appii- 
nation lias Its own specific rsqulrsments for suiface 
preparation. Of the three soldering applications, rrsai^ing 
electronia connections Is the most demanding. 
[0003] inttis Rianafaoture of slectronic equipment uti- 
lizing printed circLiits, connections of eiectronfo connpo- 
nents to the printed circuits are mads by soldering of the 
isads of the components Jcthethrough-holes, surround- 
ing pads, lands and other points of ccnneciion (coilec- 
tlveiy, 'Areas of Cojirecliori"). Typic;ally Siie corinection 
occurs by wavs soidsring techniques. 
[00043 To facilitate this soldering operation, the print- 
ed circuit fabricator is reqijirsd lo arrange that tha 
through-holes, pads, lands and other points of connec- 
tion are receptive to the subsequent soidcring process- 
es. Thu.? these surfaces must bs readily wsttabis by tiie 
solder and pennitan Integra! conductive connsction with 
the iaads or surfaces of the electronic components, Be - 
cause of these needs, printed circuit fabricators have 
devLsed various methods of preserving and enhancing 
the solderabillty of surfaces. 
[0005J One means of arranging good solderabillty of 
the surfaces in question is to provide the surface.? with 
a pre-coating cf solder. In printed circuft fabrication, 
however, this method has several drawbacks. Since it 
is not easy to selectlveiy provide these areas with solder, 
ail conductive areas of the board must be solder plated. 
This can cause severe problems with the subsequent 
application of solder mask. 

[0006] Another means of arranging good solderabillty 
of thesesurfaoes is to plate ihe.Ti with afinaifinish coat- 
ing of a precious metal such as gold, paiiadlurn or rho- 
dium. U.S. Patent No. 5,235,139 (Bengston, et. ai.}, the 
teachings of which are incorporated herein by refer- 
ence, proposes a method for achieving this previous 
metal final finish. Bengston et. al. propose plating the 
copper areas to be soldered with eleotrolsss nici<ei-bo- 
ron, followed by a precious metal coating siich as gold. 
See also US Patent No. 4,940,181 to Jusl<ey, Jr. et al., 
the teachings of which are incorporated herein by refer- 
ence for a slmliar process which teaches the piafing of 
elsctroless copper, followed by electrolytic copper, fol- 
lowed by nickelfoilowed by gold as asoldsrablesurfacs. 
These procsases work we!! but are time con.suming and 
expensive. 

[0007] Various attempts have been mads to selaotive- 
ly apply -solder to the necessary areas only. One such 
method Involves use of organic etch resists over the sol- 



der plated areas of connection followed by selective 
stripping of tin-isad from the copper traces before appli- 
cation cf tlie soldefrnasii. See US Palsnt No. 4,978,423 
to Dumwiih et. ai. Seeaiso US Patent No, 5,1S0,579to 
5 Larson, the teachings of v/hich are incoiporatad herein 
by reference, for other known selective solder process- 

[0C08] Soldering directly to ooppersurfaces has been 
diffiouit and Inconsistent. These problems are due maln- 

fo !y to the inability of l<eeping the copper surfacsis clean 
and free of oxidation throughout the soldering operation, 
Various organic treatmsnts have been developed to pre- 
serve copper surface.'s in a readily soldsrable state. For 
example, see US Patsrst No. 5,173,130 (Kinoshita) 

rs which teaches the use of certain S-alkylbenzimidaxoles 
as copper prs-fluxes !o preserve the solderabillty of the 
copper surf.-aces . Treatments such as those taught In Ki- 
noshita have prove.i successful but there Is still need to 
improve the reliability of the process. 
[OOOOj 'i'he ciirrsnt invention proposes the use of an 
immersicn ."silver coating as an improved soldsrabllity 
preservative for various surfaces, particularly copper 
surfaces. Preferred compositions for depositing the im- 
mersion sliver coating are also disclosed. In the most 

^5 preferred embodiment of the inventtan a second Immer- 
sion coating of a metal mors noble th.qn silver is depos- 
ited overthe irnmefslon sih/er coial.ing. The proce.?.'; pro- 
sewing the soiderabiiity of surfaces, paitiouiariy copper 

so surfaces and areas of connection on printed drcuit 
boards. 

[0010] It has been discovered that immersion sliver 
deposits provide excellent solderabillty preservatives, 
v/nich are pariicularly us0ful in the fabrication of printed 
Si circLiit boards, Tiia solderabillty achievable with a simple 
immersion silver deposit In printed circuit applications 
has unexpectedly been found to exceed that achievable 
with prior art nickel-gold plating processes such as de- 
scribed in U.S. Patent No. 6,236,139 and unexpectedly 
'io exceeds that achievable with other immersion deposits. 
As can be seen in the exsTipies to follow, the processes 
of the cun-enl invention yield surfaces which are very 
solderable under adverse conditions. In printed oirciilt 
applications the surfaces are wire bondabie. 
[0011] Immersion plating Is a process which results 
from a replacement reaction whereby the surface being 
plated dissolves Into solulion and at the same time the 
rnetal being plated deposits f.'om the piating solulion on- 
to the surface. The immefBion piating initiates without 
30 prior activation of the surfaces. The metai to b© plated 
is generally more noble than the surface metai. Thus 
immersion plating Is usually signfficantiy easier to con- 
trol and significantly more cost effective than slsotrolsss 
plating, which requires sophisticated auto catylltic plat- 
es ing solutions and processes for activation of the surf ac- 
es prior to pLating. 

[0012] The present Invention provides a composition 
useful in plating silver onto a metallic substrate, which 
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composition comprises: a) a solubie source of silver 
ions; b) an acid; and c) an oxidant coniprisiDg a nitro 
aromatic compound. 

[001 3] The prev=3ent invention aiso provides a process 
for plating siivsr onto a surfacs from the ccmposition of 
the invention. 

[0014] The soiuii^is source of silver ions can be de- 
rived from a variety of silver compounds. The invsntorB 
have found silver nitrate to be most preferable. The con- 
oentration of silver in the piejting solution can range from 
0, 1 to 25 grams per iitsr, but is rrsost preferabiy present 
in a concentrat'on of 0.5 to 2 grams per ifter. 
[001 5] Although a variely of acids are suitable for uses 
in this formulation, the inventors have found that ineth- 
3!ie sulfonic acid is most preferred The conosntr.ition 
of acid in the plating solution can range frorrr 1 to 150 
grams per liter but Is preferably in the range of 5 to 50 
grams per liter. 

[0016J The Inventors have discovered that the inclu- 
sion of Imidazole or iiiiidazole derivistive of the following 
formula has a significant positive impact upon Ihe plats 
produced by Immersion plating solutions, particularly 
immsrsion silver plating solutions used In the processes 
of this Invention: 




[001 rj Wherein R-j, Rg, R3 and are independently 
selected from the group consisting of substituted or un- 
substituted al!<yl groups, suhstitutsd or unaub-slituted ar- 
yl groups, hologsns. nitro groups and hydrogen. 
i'0018| The inclusion of an imidazole as described 
above brightens the plated deposit and improves the In- 
tegrity and physical properties of the resultant plated de- 
posit. In addition, the imidazois aiso extends the usefui 
life of the immersion plating soiution. The inventors have 
found that hlsfidine is a particularly prefen-ed imidazole 
for She purposaa of these processes. 
[0019] The fnciusion of imidazoles provides signifi- 
oant advantages in in-irriersion plating solutions in gen- 
eral, but Is particularly useful and advantageous in im- 
mersion silver plating. The inventors have found that im- 
merslo.n silver deposits resulting from plating baths con- 
taining imidazoles are brighter, ismootlier and more co- 
hesive than irrimersion silver deposits plated from bath.? 
which do not have imidazolss. in addition the irnrne.'sion 
plating batha with imidazoles have longer effective iives 
than comparable baths without snidazoles. These same 



advantages are achievable by the inclusion of imida- 
zoles in other immersion plating baths, including copper, 
palladium, gold, rufheneum and rhodium. 
[0020] The inventors have found that dinitro com- 

5 pounds, such as 3,5 dinitrohydroxybenzoio aoid are pre- 
ferred oxidants for use in the composition. The concen- 
tration of such an oxidant in the soiution ca: , raiigs f njm 
0.1 to 25 grams per litre, but is preferably from 0,5 to 2 
grams per litre. 

10 [0021] The immersion silver soiutiori can be used in 
the processes of the ouirent invention at temperatures 
ranging from room temperature to 200° F but is prefer- 
isbiy ii£;ed at from 80 to fgCR The time for immersion 
in the plating solution oan range from 1 to SO minutes 

'5 but is preferably from 3 to 6 minutes. 

[OO223 The immersion silver soiution of the current in- 
vention is thus used to plate a thin iayer of silver onto 
the surface to be soldered. It is believed that the result- 
ant sliver coaxing should be from 1 to 100 microJnohes 

5" tli!cl<, preiersbiy Irom 20 to 60 micro inches thick for ef- 
fective enhancement and preservation of the soideraDii' 
it>' of tfie surface. Although this process is effective in 
soldering many surfaces. It is particularly usefui in sol- 
dering copper surfaces, sucii as Areas of Connection 

2S on printed circuit boards. 

[0023] In the most preferred embodiment of the cur- 
rent inverrtlon, the irrmersion silver deposit is then piat- 
ed upon with second immersion coating of a metal more 
nobis than sliver, such as gold, palladium, ruthenium or 

30 rtmdium. The invsniors have found that immersion gold 
is particuiariy useftii in this regard. 
[002i?} It was discovered that while a single iayer of 
immersion coating offers soiderabiilty protection and en- 
ii^jncsriK'rt, due to the inherent porasity of Imme'sion 

ss u..' 1 I'^in-tfoion coaling cons ■St ng of a 

first metal v.ihioh is more nobis than the base msfcai fol- 
lowed by a second metal which Is more noble than the 
first metal provides unexpectedly betterresults. Tliefirst 
metai may consist of silver {as described herein or oth- 

'fo efv/me) or another metal which is more nobis than the 
base. In the case of copper as the base, the first metal 
can consist cf silver, tin, palladium, ruthenium, rhodium, 
bismuth or the like. The second metai must be chosen 
such that it is more noble than the finst metal. An exam- 

*s pie of a second metal which is worlcabie with the first 
metals noted above would be gold. The importance of 
the Iriventiof! however is thatihe prc!06.ss consists of too 
immersion coatings consisting of a first matal which is 
more noble than the base followed by a second mstal 

so which Is more nobie than the first metal. The most pre- 
ferred combination of immersion coatings where copper 
or nickel is the base materiel is Immersion silver, as 
taught herein, followed by immsrsion gold. 
[002!5| Although not wshfrig to be bound by theory, tt 

ss is beiisved thatthe first (sliver) immersion coating fe irs- 
herentiy porous and therefore may leave some pati- 
ways to the underiying (copper) surface exposed, When 
the suggested second immsrsion coating is applied, 
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these mors noble metal Ions have an access not oniy to 
th8 intsrmsdiate rnsta! layer, but also to the base layer 
viathe pores. Since she difference between the standard 
rsd- ox potential of the base and the top layer is greater 
than that between the base and intemisdiate layers, the 
Immersion reaction will proceed with a much faster rate 
In the pores (le. on arsy exposed base metal). Therefore 
the moat noble top layer metal wilt completely seal the 
bass surface before it buiids an immersion deposit of 
adequate thicl<n8ss on the Intenrsediate metai iayer. It 
is thus believed that this synergy provides the optimum 
sDiderability. 

[0026] Although this technique may be utilized advan- 
tageously over almost any surface, It Is most usefu! in 
the fabrication of printed dreuit boards, particulariy sol- 
der mask over bare copper (SIv'OBC) boards. Thus;, in 
fabricfiting SMOBO boards, the solder masl< is applied 
to the surfaces of the board thsn exposed and dsvsi- 
opsd to reveal the Area.-s of CDnnsctlon. 'i'hese .^rsas of 
Connection are tlien easet'iiaiiy liie oniy exposed areas 
of copper on the board, vviih the remainder essentlsily 
being covered by solder masi<. These exposed Areas of 
Connection are thus de.stined to be points of attach- 
ment, in most cases by soldering, when the eiectronic 
components are later placed ors the board later in the 
fabrication cycle. Therefore, the soiderabillty of these 
exposed points, generally copper, must be enhanced 
and presetved, 

[0027] Thus accoitiing to the current invention these 
areas are then preferably cieaned, using an acid clean- 
er, and subsequently microefched to prepare the sur- 
face for acceptable immersion plating, Following this 
preferred preparation, the board is immersed in the im- 
merslor! silver plating soitition, such that a sliver deposit 
of appropriate thiolcness is achieved, in the most pre- 
ferred embodiment theboard is then immersed in a sec- 
ond immersion plating solution which plates a metal 
more noble than the sliver, such that a top coating of this 
third metai is achieved at a thickness of from 0.5 to 25 
micro inchsis. 

[0028] The invention is further described for illustra- 
tive purposes oniy in the foiiowing examples which are 
in no way limiting of the invention itself 

Example I. 

[QQ2S] Several olated through hole printed circuit 
boards were fabricated through the foiiowing cycie: 

1 . Drill holes tiirough copper clad laminate. 

2. Process boards through standard plated through 
hole cycle to plate electroless copper in the holes 
and on the surface. 

3. Apply a piating tnasic. 

4. Eieoiroiyticaliy piate copper to desired thici<riesa 
In the holes and ors His exposed circuitry. 

5. Eiectroiyiicaliy piate tin in holes and on exposed 
circuitry to serve as an etch resist. 



6, vStrlp tris Dlatinq resist. 

7 E , Kf t. o'(r---"5 corp°r {is copper not plated 
With tin} 
B Sir p t & ' 

5 S.Appiy, irn.9geandciev8iopasoiasnTiasl<suchthat 
the soidsrmasK covers the substanriaily entire 
board surfece except for the Areas of Connection. 

10. Clean and microGtch She Areas of Connection. 

11. Immersion plate the Areas of Gonnsotion with 
'•0 the following silver immersion plating solution to a 

1hlc!<ness of 2S mfcro Inches; 

SiiyyrNiiratH ■■ 1 gr/iiter 
I\r1ethane Suifcnic Acid (70% - 20 ml/liter 
*s 3,5 dinitrohydroxy benzoic acid - 1 gr/l 

t -Hlslidins - 1 gr/l 
Water - to 1 liter 
Temperature - 100°F 

Mote: Fresh water rin.'ses were interposed between each 
chemical processing step above. 
The silver plated in a smooth adherentfashlon onto the 
copper surfaces, The boards werethen subjected to ac- 
25 celerated aging by exposing them in a humidity chamber 
to 100% relative humidity at 93"C for 8 hours. The 
boards were then dried at ISCC for 5 minutes, Tfre 
boards were dipped for 10 seconds in no cleen/no res- 
idue inisrfiux IF SOOSiW flux, allowed to drain for 60 see- 
so onds then floated in molten soider at 475''F for 1 0 sec- 
onds. The coverage of soider overthe metallic surfaces 
of theboards wasthen evaluated on apercentage basis 
and found to be approximately 9B.9%. 

35 ExarngteJ! 

[0030] Several plated through hole printed drcuit 
boards were fabricated through the same process as in 
Example I, except that after step 11, the foiiowing se- 
'io quence vras followed: 

1 2. The boards were plated vvith ImmersioR gold us- 
ing IWacDemiid immersion Gold XD-6S68 (available 
from MacDermId, Incorporated, 245 Freight Stresjt, 

*s Waterbury, CT. 06702). The temperature was 1 80= F 
and the time was 2 minutes. 

[0031] The boards were then aged and evaluated in 
ihs same way as in Example i. The r-esuitarit coverage 
so on a percentage basis was found to be approximately 
S9.6%. 

Example lli 

[00323 Several plated through hole printed circuit 
boards were fabricated through the same process as in 
Example I, except that after step 10, the foiiowing ater- 
nate sequence was foiiowed: 
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1 1 , The boards were plated in siectroisss nicksi us- 
ing MacDsimid Planar Eiectroiess Nickel at l/CF 
for 5 minutes. 

12. Ths boards ware piatsd in MiScDermid Immer- 
sion Gold XD-6263 at 1 30PF for 5 riiinutes. 

Ttie boards were then aged and evaiuated in tiie same 
way as in Example I, Tlie resuitant coverage on a per- 
centage basis was found to he approximateiy 58.50%. 



wiierein Ri, Rg, R3 and are inder 
iscted f.rom the grotip consist^.^g of subsMtuted or 
unsubstituted al!<y! groups, suiastituted or unsubsti- 
tuted ar/l groups, halogen, nitro groups and hydro- 
gen. 

A process according to any one of claims 3 to 8, 
wfiersin the surface is seiediedfrom the group con- 
sisting of copper, nickel and alioys thereof. 



1. A coiTiposltion useful in piating silver onto a metallic 
substrate, which composition comprises: 

a) a soiubie source of ailver ions; 

b) an acid; and 

c) an oxidant comprising a nitro aromatic com- 
pound. 

2, A composition accordingta ciaim 1 whsreinthe nitro 
aromatic coriipound is a dinitro aron-iaticoompound. 



A composition according to 1 
aromatic compound is 3,ii 



m 1 whsreinthe nitro 
litrohydroxy benzoic 



4, A composition sccordi.ig to any one of claims 1 to 

3 wherein the concentratisn c^f the nitro aromatic 30 
cornpourjd is from 0.1 to 25 grams per litre. 

5. A process for plating silver onto a surface, wherein 
the silver is plated from the composition of any one 

of claims 1 to 4. 3S 



A process according to dafrn 5, wherein the surface 
is an area upon a printed circuit board. 



7. A process according to claims 5 or 6, wherein the 40 
silver is plated to a thickness of 1 to 1 00 micro inch- 



8. A process according to any one of claims 6 to 7, 
wherein the composition further con^rises an imi- "s 
dazols of the foiiowing fonnuia; 



